during the last year? When did your hypoglycemia usually occur: during the day-at night-both? Who usually diagnosed hypoglycemia: yourselfother person? What was the cause of hypoglycemia: exercise-diet-alcohol-I do not knowother reasons?
Patients' demographic and clinical data including age, type and duration of diabetes, height, body weight, and type of insulin preparations and their regular daily dosages were collected. At 3 and 6 months of the follow -up, subjects were asked to answer the above questions with reference to the preceding 3 months.
Body weight and HbA 1c levels were measured twice: at baseline and after 6 months; the former with the same digital scale, and the latter with the use of high performance liquid chromatography (Variant Biorad, California, United States).
The primary outcome measure was: 1) the incidence of mild and severe hypoglycemia, 2) body weight, and 3) HbA 1c levels, in patients treated with short -acting human or short -acting analogue insulin (regardless of the long -acting insulin used) and in those receiving both short-and long -acting human or analogue insulin.
statistical analysis Means ± standard deviations were calculated for all variables. The Shapiro-Wilk normality test was used to evaluate the distribution of the data. Given the non -normal distribution of most variables, nonparametric tests were used. The analyzed parameters were compared between the studied patient groups with the Mann-Whitney test. To assess the intragroup differences between the baseline and 3-and 6-month time points, the Wilcoxon test was used. The χ 2 , McNemar's, or sign test was applied in the case of categorical variables. A logistic regression analysis was conducted to identify potential determinants of severe hypoglycemia. A P value of less than 0.05 was considered statistically significant. This observational study was conducted to evaluate the frequency of mild and severe hypoglycemia according to the type of insulin (short-and long -acting analogue vs. human insulin), and to evaluate the effect of insulin type on body weight and hemoglobin A 1c (HbA 1c ) levels.
PATIENTs ANd mEThOds A total of 203 consecutive adult subjects were recruited from the Provincial Outpatient Clinic for Diabetes in Zabrze, Poland. The inclusion criteria were as follows: diabetes (of any type) treated with at least 4 insulin injections per day in a regimen established at least 2 months prior to the beginning of the study and at least 1 episode of hypoglycemia within the preceding 3 months. All subjects monitored their blood glucose levels 4 times daily according to the instructions provided on admission to the clinic. The exclusion criteria were as follows: use of any oral hypoglycemic agents, no history of hypoglycemia, use of an insulin pump (continuous subcutaneous insulin infusion), and pregnancy. The scheme of insulin therapy on enrollment to the study remained unchanged during the follow -up period. No changes in insulin preparations (only changes in the dose of insulin as needed) and no new hypoglycemic drugs were allowed during the study.
Outcome measures At baseline, all patients were asked to answer the following questions: Do you feel the symptoms of hypoglycemia: always-sometimes-never? How often have you had mild hypoglycemia (defined as blood sugar below 63 mg/dl) during the last 3 months: once-1-2 times-once a month-more than once a month-once a weekmore than once a week? Below what blood sugar level do you feel hypoglycemia symptoms? How often have you had severe hypoglycemia (defined as loss of consciousness or need of glucagon subcutaneous or glucose intravenous administration) a P <0.01 b P <0.05: use of short -acting analogue vs. human insulin or short-and long -acting analogue vs. human insulin the patients feeling a drop in blood glucose level, 37% manifested symptoms when blood glucose was ≤50 mg/dl and 63% when blood glucose was >50 mg/dl. The mean hypoglycemic threshold was 59 mg/dl. As the main cause of hypoglycemia, 69 patients (34%) declared physical activity, 37 patients (18%) reported an error of estimation of pre meal insulin dose, 49 patients (24%) claimed both, and 48 patients (12%) were unable to define the reason. Fifty -three percent (109 patients) experienced hypoglycemia mainly during the day, 12% (25 patients) at night, and in 34% (69 patients), hypoglycemia occurred irrespectively of the time of the day. Seven percent of the patients declared that they usually needed another person to diagnose hypoglycemia. These characteristics of hypoglycemia did not show any significant differences between the studied groups (data not shown).
Thirty -five patients (17%) experienced severe hypoglycemia at least once during the year preceding the study. We did not observe any differences between the subgroups in the frequency of severe hypoglycemia at any point of the follow--up (TAbLE 4) . Moreover, there were no statistically significant differences in the number of severe hypoglycemic episodes (TAbLE 4) . Likewise, the subgroups did not differ in the frequency or number of episodes of severe hypoglycemia when analyzed separately for type 1 or type 2 diabetic subjects (data not shown).
Using logistic regression, we found that male sex, older age, and the dose of long -acting insulin (irrespective of its type) were independently associated with the occurrence of severe hypoglycemia at baseline. On the other hand, type 2 diabetes (borderline significance) and higher body weight potentially decreased the risk of severe hypoglycemia (TAbLE 5) . REsuLTs A total of 203 patients met the inclusion criteria, including 124 women and 79 men. Of the 203 patients, 178 presented at a follow -up visit at 3 months and 88 at 6 months. The other missed their control visits at 3 or 6 months and visited the clinic at other times. The baseline characteristics of the study participants are shown in TAbLE 1. Patients treated with short -acting human (regular) insulin differed at baseline from those on analogue insulin in age and the total dose of short -acting insulin. Patients treated with both short-and long -acting human insulin were older and their doses of short-or long -acting insulin were higher compared with subjects on a shortand long -acting analogue (TAbLE 1).
The mean HbA 1c level was comparable at baseline and after 6 months. We did not find any differences between the subgroups with regard to HbA 1c or body weight either at baseline or at the end of follow -up (TAbLE 2) . However, throughout the study, there was a slight increase in body weight in all subgroups, which was statistically significant in patients on analogue insulin. Still, the changes in body weight or HbA 1c did not differ significantly between the subgroups.
The incidence of mild hypoglycemia during the 3 months preceding the study period is shown in TAbLE 3. At baseline, subjects on analogue insulin tended to experience mild blood glucose drops more often (TAbLE 3) , although this trend lost its statistical significance in the following 3 and 6 months (TAbLE 3). Separate analyses for type 1 and type 2 diabetic patients did not reveal any significant differences (data not shown).
Regarding the question of whether patients felt the symptoms of hypoglycemia, 148 participants (72%) answered "I always feel", 48 patients (23%) "sometimes", and 7 patients (3.4%) "never". Of Owing to total insulin dependence, this type of diabetes is associated with higher risk of hypoglycemia than type 2 diabetes. However, progression of β-cell failure in type 2 diabetic patients requires initiation of insulin therapy and then its intensification in the course of the disease. With time, owing to diminished counterregulation response, those patients tend to be more prone not only to mild but also severe hypoglycemia.
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The current guidelines for the treatment of diabetes stress the importance of tight glycemic control to avoid long -term complications. 8 Strict glycemic control is also crucial to reduce the risk of congenital abnormalities in pregnancy complicated by diabetes. 9 On the other hand, a strict approach to maintaining normal glycemia increases the risk of hypoglycemia, which can in fact be caused by virtually all exogenous insulin preparations. There have been reports that the use of short -acting insulin analogues (pre meal) may be associated with a lower risk of nocturnal hypoglycemia as opposed to human (regular) preparations-it was supposed that their use may eliminate the relatively long hypoglycemic effect of the human insulin evening dose (pre meal) during the first part of the night. 10 Likewise, reduction of In the group of type 1 diabetic subjects, the logistic regression analysis showed the dose of long--acting insulin (R 2 = 0.08; P = 0.005) and older age (R 2 = 0.04; P = 0.04) to correlate independently with more frequent episodes of severe hypoglycemia. On the other hand, among type 2 diabetic patients, only higher body mass tended to be associated with the risk of severe hypoglycemia (R 2 = -0.06; P = 0.08).
dIsCussION Our results suggest that the type of insulin preparation (regular or analogue) does not affect the incidence of severe hypoglycemic episodes in diabetic patients treated with multiple insulin injections, regardless of the diabetes type. On the other hand, we found that the occurrence of severe hypoglycemia is more likely with higher doses of long -acting insulin, regardless of the preparation type. Furthermore, the risk of severe hypoglycemia appears to increase with age and is higher in men. On the contrary, type 2 diabetic patients (vs. type 1) and subjects with higher body mass seem to be less prone to severe hypoglycemic episodes.
In type 1 diabetes, intensive insulin therapy is the treatment of choice. However, there is new data suggesting that adding metformin may be a good support regarding reduction of insulin a defined as blood glucose <63 mg/dl (3.5 mmol/l) b at baseline: within the 3 months preceding the study; mid -study: within the first 3 months of the study; end -study: within the last 3 months of the study; χ 2 test
This also imposes greater caution in establishing the regimens of night -time injections, and arguably speaks in favor of a more intensive day -time treatment, especially in type 1 diabetes.
The whole -group analysis, as well as that limited to type 1 diabetic patients, revealed older age of patients as another potential determinant of severe hypoglycemia. This is presumably due to the fact that less intense and atypical symptoms of hypoglycemia are associated with an increased age. 17 The stronger relationship between age and hypoglycemia in type 1 diabetes may be due to a larger age span of the affected patients, as compared with type 2 diabetic patients, and hence, more apparent manifestation of the association in the statistical analysis. Our observation is in line with some other studies, 18, 19 but not all. 20 There is evidence that, in type 2 diabetic patients, hypoglycemia -induced counterregulatory hormonal release occurs at higher blood glucose levels than in nondiabetic subjects 21, 22 or patients with type 1 diabetes. 23 The trend to a lower risk of severe hypoglycemia with type 2 diabetes shown in our study can be explained by these phenomena. Furthermore, the analyses showed that higher body mass is somewhat protective against severe hypoglycemia, especially among type 2 diabetic patients. This finding might be explained by higher insulin resistance among more obese patients and type 2 diabetics as well as larger distribution volume of insulin in larger patients.
Male sex was another contributory factor to the increased risk of hypoglycemia in our study. Trials performed in type 1 diabetic patients have shown that women have lower counterregulatory responses to hypoglycemia than men and thus a higher risk of hypoglycemia. 24, 25 However, no such data are available for type 2 diabetes. On the contrary, other researchers 26 have implied that antecedent hypoglycemia in women has a less nocturnal hypoglycemia was confirmed for long--acting analogues with a flatter absorption profile in comparison with human bedtime insulin, either in type 1 4,11 or type 2 diabetic patients. 12 On the other hand, a Cochrane review of 49 randomized controlled studies showed no difference between short -acting insulin analogues and regular human insulin in the frequency of either mild or severe hypoglycemic episodes. 13 The standard definition of severe hypoglycemia involves the need of other people's assistance to treat it.
14,15 This definition includes patients who can treat hypoglycemia unaided but receive unnecessary assistance of others. We used a more robust definition of severe hypoglycemia as an "injection of glucose or glucagon by another person". To assess the incidence of severe hypoglycemia, the number of patients with at least 1 such hypoglycemic episode per year was estimated-17% of the patients experienced severe hypoglycemia at least once a year. In total, there were 0.31 episodes per person per year, which is within the range observed in the Diabetes Control and Complications Trial (DCCT). 15 As stated above, our results negate the role of insulin type in the incidence of severe hypoglycemia, which is in line with the results of the above Cochrane meta -analysis. 13 Proper education and high level of self -control are crucial factors to minimize the risk of hypoglycemia in diabetes. 16 The increased incidence of severe hypoglycemia with larger doses of long -acting insulin, especially among type 1 diabetic patients, suggests that an extensive whole -day insulin background is the key contributor to hypoglycemic episodes, and not the short -acting insulin shots. Total insulin -dependence in type 1 diabetes seems to explain why this factor predominates among these patients, contrary to type 2 diabetic patients with varied preservation of insulin release. blunting effect on counterregulatory response during a subsequent hypoglycemic episode than in men, which would corroborate our results. The results suggest that the studied insulin types have similar effect on HbA 1c levels and body mass. Slight increases in body weight observed throughout the study period in all subgroups (but significant only in those on analogues) may be explained by weight gain during autumn and winter seasons owing to lack of exercise and diet rich in calories. The mean baseline HbA 1c level in our study was 8.25%, which is in line with reports regarding glycemic control from other countries.
27,28
The study showed a higher incidence of mild hypoglycemic episodes at baseline with the use of analogue insulin preparations. This may result from a quicker action of the analogues than regular insulin; however, a higher percentage of type 1 diabetic patients in the fast -acting analogue group, who are prone to labile glycemia and have greater tendency to hypoglycemia, may underlie this observation. As stated above, the existing literature data do not confirm an increased risk of mild hypoglycemia with analogues. 13 The difference observed at baseline in our study lost its statistical significance during the study period, which might have been caused by a smaller number of subjects during follow -up visits and possibly more cautious glycemic control associated with participation in the study (trial effect). The latter would point to a reversibility of more frequent mild hypoglycemic episodes with better treatment compliance.
The study has several limitations. First, it should be acknowledged that the number of the studied subjects was relatively small and further decreased during the follow -up. Furthermore, the study group was heterogeneous in terms of age, sex, and type of diabetes, so any definite conclusions have to be drawn with caution. Finally, a period of 6 months is too short to assess the effect of therapy on body weight.
In conclusion, the risk of severe hypoglycemia is independent of the type of insulin preparation (analogue or human). The education of patients with emphasis on good self -control of diabetes, and better knowledge on long -acting insulin dosing, remains the main modifiable factor that may reduce the risk of hypoglycemia in patients treated with intensive insulin therapy. 
